O ccupational risks posed from bloodbome pathogens have been documented as a worsening problem in health care environments, requiring increased scholarly attention from occupational and environmental health clinicians (American Public Health Association, 1990) . Each year approximately 6,500 to 9,000 health care workers in the United States are exposed to infectious body fluids on the job. The majority of the resultant clinical infections causing morbidity and mortality are attributable to bloodbome pathogens (Mast, 1993) .
These exposures result in the deaths of 200 or more health care employees each year, primarily through the complications of hepatitis B viral infections (Mundt, 1992) . Equally alarming is the conclusion that the majority of these deaths could be prevented through routine observance of the standard exposure prevention measures and completion of the hepatitis B vaccine series (Mast, 1993; Ryan, 1996) .
Health care leaders working to understand occupational exposures to bloodbome pathogens or to improve exposure control programs find themselves impeded by at least three longstanding limitations. First, the health care professions have always possessed an incomplete estimation of frequency rates of percutaneous and cutaneous bloodbome pathogen exposures. This is largely due to the fact that up to 90% of these incidents are never ABOUT THE AUTHOR: Mr. Corser isdoctoral nursing student and graduate teaching assistant, School of Nursing, University of Wisconsin, Madison, WI. 246 reported to anyone (Hibberd, 1995; Treloar, 1994; White, 1993) . Second, much of the data collected since 1990 suggest that in the great majority of cases, health care workers who become occupationally infected with bloodbome pathogens are unable to recall a specific incident during which the actual transmission occurred (Fahey, 1991; Hoofnagle, 1990) . In addition, current research also has identified an extremely complex group of variables. These variables affect the likelihood that workers will engage in standard protective behaviors that repeatedly have demonstrated risk reduction to such exposures (Kristensen, 1992; Lynch, 1990; McGowan, 1996; Ramsey, 1996) . These limitations notwithstanding, this article reviews the body of knowledge nursing and other health care professions have generated related to the epidemiological characteristics of the four major bloodbome pathogens demonstrated to be involved in almost all occupational transmissions or deaths.
OCCUPATIONAL BLOODBORNE PATHOGENS

Hepatitis B virus (HBV)
The HBV migrates directly to the liver upon transmission into the bloodstream. It is the bloodbome pathogen largely associated with incidents of health care worker exposures (Hersey, 1995) . Health care employees have demonstrated HBV exposure susceptibility rates up to 10 times higher than the general population, with blood as the most frequent medium of transmission within health care worksites (Mast, 1993) .
In 1992, researchers at the Centers for Disease Control and Prevention (CDC) conducted a national survey which determined that each year 6,800 health care workers, whose jobs entail exposure to blood, become infected with HBV. On average, 250 of these workers require hospitalization. Between 100 to 200 of the estimated 2,100 symptomatic health care worker HBV infections are found to result in death from cirrhosis, hepatocellular carcinoma, or fulminant hepatitis annually (Hersey, 1992) .
Needlestick injuries are responsible for approximately 80% of all environmental exposures to hepatitis B blood (Hibberd, 1995) . The occupational risk for specific categories of workers experiencing more frequent blood contact, rather than the actual duration of individual exposure incidents, also appears to result in a significantly greater incidence of HBV seroconversion over time (Gibas, 1992) . The highest risk locations for needlestick injuries in the health care environment are emergency departments, clinical laboratories, operating rooms, post-anesthesia suites, and hemodialysis units (Badgwell, 1996; Hibberd, 1995) .
Serologic evidence of HBV transmission after a single need1estick exposure involving HBV verified blood has ranged from 27% to 45%, with 6% to14% of these total injuries advancing to clinical hepatitis (Mast, 1993) . The rates of HBV transmission subsequent to mucous membrane or cutaneous exposures are found to pose less than half the risk when compared to percutaneous exposures (Hibberd, 1995; Treloar, 1994) . The HBV can survive in dried blood (for possible later transmission to clients or workers) at room temperature on environmental surfaces for over 7 days, further decreasing the potential for identification of actual exposure incidents (O'Neal, 1996) .
Human Immunodeficiency Virus (HIV)
The HIV is a retrovirus that attacks the body's immunity systems at transmission, often progressing into acquired immunity deficiency syndrome (AIDS) with multiple severe symptoms and associated opportunitistic infections or malignancies. Since the pathogen's first identification in the late 1970s, HIV and its potential for transmission within higher risk health care environments has received an inordinate amount of attention compared to HBV. Up until 1993, the total number of American health care workers without other HIV risk behaviors and confirmed to have sustained an occupational transmission of mv ranged from 37 (Hibberd, 1995) to 120 (CDC, 1994) .
The precise mode of transmission in these cases generally has been unknown. However, the bulk of evidence points to percutaneous exposure as the predominate route (CDC, 1994) . The HIV seroconversion rate has averaged 0.3% from occupational needlestick injury, with <0.01 % post mucous membrane exposure (Hibberd, 1995) . Health care workers found to be at greatest risk for exposure include laboratory technicians, nurses, and physicians (Robert, 1994) .
Hepatitis C Virus (HCV)
The hepatitis C virus is so recently identified that limited details related to its pathophysiology have been established. Growing evidence suggests that <5% of HCV transmissions can be attributed to blood transmissions, with 70% to 90% of HCV antibodies confirmed in cases of intravenous drug users or hemophiliac patients MAY 1998, VOL. 46, NO.5 (Benenson, 1995) . The occupational exposure of HCV subsequent to single need1estick injuries has now been confirmed during the 1990s (Benenson, 1995; Kiyosawa, 1991; Sodeyama, 1993) .
Transmission of the HCV to health care workers occurs by percutaneous needle or sharps exposures to contaminated blood or blood products, making the common practice of providers selectively using certain exposure precautions for only certain clients increasingly risky. To date, 30% of hemodialysis clients have been diagnosed with HCV, with the risk of worker infection from a single percutaneous exposure to HCV blood estimated to be about 3% (Sodeyama, 1993) .
Cytomegalovirus (CMV)
CMV has been identified in several types of leukocytes, and appears to be exclusively transmitted through blood or blood products. CMV can be harbored in lung, liver, or retinal tissues, and most frequently infects individuals with organ transplants or who are HIV positive. The majority of persons with CMV are symptomatic, but their infections can be extremely difficult to diagnose conclusively.
The risk of CMV infection from a single exposure to a unit of packed erythrocytes containing the virus has been estimated to be < 1%, with the possibility of an increased exposure risk for perinatal nurses now coming under closer scrutiny. However, unlike the other major bloodborne pathogens, the majority of health care workers are now expected to sustain at least one CMV infection during their careers (Hibberd, 1995) .
EXPOSURE CONTROL SYSTEMS
The following types of body substance exposure control systems have been implemented since the 1970s, and are summarized here.
Traditional category specific infection precautions (CDC, 1983) . This is a system comprised of intervention categories such as " blood and body fluid precautions," "enteric precautions," "contact isolation," and "strict isolation" which prescribe the amount and type of protective wear (masks, gowns, gloves, etc.) to use when caring for specific types of clients.
Body substance isolation (BS/) (Lynch, /987 ). This is a system providing criteria for use of gloves, plastic aprons, masks, and eye protection during client contact, with directives included for the disposal of soiled trash, linen, sharps, etc. The overall purpose of BSI is to reduce the risk of cross contamination of microorganisms to clients via the hands of health care workers .
Universal precautions (CDC, /988). This is a broader exposure control system derived from research which provides guidelines for the use of gloves and other protective measures, handling of trash, linen, etc. Universal precautions are based on an epidemiologic framework primarily intended to prevent the transmission of b1oodbome pathogens to health care workers from infected clients.
Safety precautions (McPherson, 1994) . This is a more comprehensive exposure prevention system than universal precautions, employing a limited systematic approach toward attempting to reduce the risk of occupational and client bloodbome pathogen exposures. This system entails a group of risk reduction steps organized within an intervention hierarchy comprised of the following groups of controls:
• Engineering controls.
• Work practice controls.
• Personal protective equipment.
These are in addition to the continued observance of universal precautions.
Bloodbome pathogens standard (BPS) (Occupational Safety and Health Administration [OSHA], 1991). The BPS has superseded most of the earlier exposure control systems, and is expected to significantly reduce the incidence of health care worker exposures. Any employer with at least one worker who may be exposed to blood or other body fluids during job duties is obliged to comply with the BPS guidelines governing occupational exposures (Mackulowich, 1993) .
This BPS is designed to minimize the rate of occupational exposure for health care personnel through the performance of five major groups of interventions:
• Continued use of the universal precaution protective exposure barriers.
• Optimal levels of worker completion of the hepatitis B series of three vaccination injections.
• Communication of bloodbome hazards through labels, signs, and worker training programs.
• Creation of a specific exposure control plan by the employer.
• Other engineering and work practice controls (Occupational Safety and Health Administration [OSHA], 1991).
OCCUPATIONAL EXPOSURE RESEARCH
The majority of research conducted since 1990 has intended to either test specific exposure control systems' impact on exposure rates, or to evaluate interventions designed to improve the rate of system compliance or attitudes of health care workers. No study was found that combined a systems engineering framework with modem epidemiological theory or proposed new ones, as has been advocated in both the special precautions system literature (Gershon, 1994; McPherson, 1994) and the text of the BPS (OSHA, 1991) .
For the purposes of this analysis, this body of research is categorized into four major groups.
Compliance with exposure control systems and exposure rates. A consistent decrease in reported percutaneous, cutaneous, and mucous membrane occupational exposure rates to blood or bloody body fluids has been demonstrated when caregivers routinely complied with any of the major exposure control systems (Kristensen, 1992; Lynch, 1990; Ramsey, 1996) .
One of the largest occupational compliance studies conducted during recent years (Hersey, 1994) administered a survey questionnaire to a national sample of 2,440 patient care staff, 457 physicians, and 197 housekeeping staff from 34 hospitals. Among the study respondents, only 42% of the patient care staff, 45% of the physicians, and 248 13% of the housekeeper respondents reported completing all three hepatitis B vaccination series injections. It may be of retrospective interest to note that this study was conducted several years after the Universal Childhood Hepatitis B Vaccination Protocol (Advisory Committee on Immunization Practices/CDC, 1991) and Guidelines for Prevention of Hepatitus B Virus to Health Care and Public Safety Workers (CDC, 1989) were first published.
Over 95% of the patient care staff reported that they "always" used sharps disposal containers. However, 55% of patient care staff still recapped their needles following injections, resulting in 25% of the total reported percutaneous exposures (Hersey, 1994) .
Glove use varied by procedure for all three health care worker groups, but there was a high overall rate of compliance with the recommendation to change gloves frequently. The reported use of other barrier precautions such as masks, gowns, and protective eyewear was reported by <25% of each sample subgroup, even though 10% of the respondents reported having been splashed in the face or eyes with blood or bloody body fluids at least once during the past month (Hersey, 1994) .
Reported percutaneous exposures rates within the three employee groups during the prior 12 months included 24% of patient care staff, 34% of physicians, and 18% of housekeeping staff. These incidents most often involved recapping needles, exposures from needles found in trash or linen, performance of procedures, or injuries from miscellaneous sharp objects (Hersey, 1994) .
Of special significance for this analysis, the rate of compliance with exposure control system standards was found to be positively and significantly correlated with completion of one or more of the following interventions:
• Inclusion of an assessment of workers' exposure control behaviors during annual performance evaluations.
• Provision of initial and continued bloodbome pathogen risk training.
• Effective barrier equipment availability and design (Hersey, 1994) . Effect of training on occupational exposure rates. The success of various types of training such as educational or discussion sessions, posters, focus groups to increase the likelihood of workers completion of the hepatitis B vaccine series, engagement in frequent handwashing, maximize glove use, etc. has been reported (Hersey, 1994; Lynch, 1990; Ramsey, 1996; Wong, 1991) . In each study, the reported exposure rates to blood or bloody body fluids by nurses, physicians, and lab workers declined in an incomplete, though statistically significant manner, after some form of inservice education.
Notably, though, staff compliance with their respective exposure control systems continued to vary significantly among individuals within each setting, regardless of the type or amount of earlier education provided. Many respondents continued to use selectively only certain exposure control interventions during specific client care situations, despite the improvements in written test scores they demonstrated after education (Hersey, 1994; Lynch, 1990; Ramsey, 1996) . Clearly, the relationship between exposure control education and the subsequent performance of protective behaviors by individual health care workers continues to be poorly understood. In one study, hospital RNs actually demonstrated a negative correlation between levels of accurate knowledge of HIV transmission and observance of universal precautions (Gruber, 1989) .
Perceived riskslconcems of health care workers related to exposure. Research in this area underscores the perplexing nature of the variables contributing to workers' perceptions of their risk from bloodbome pathogens. Of significance for occupational and environmental health specialists, risk of mv exposure has been routinely found to be of much greater concem to many workers, despite the recurrent epidemiologic data pointing to hepatitis B as the predominate risk (Meisenhelder, 1994; McNabb, 1991; Ryan, 1996; Wiley, 1990) .
Perceived risks and associated behaviors of health care workers have not been clearly linked to an insufficient or inaccurate understanding of bloodbome pathogens, as conventional infection control literature has often presumed to be the case. In fact, three studies have found an insignificant or even negative correlation between workers' attitudes or perceived risks with their knowledge level related to bloodbome pathogen transmission (Becker, 1990; McNabb, 1991; Ryan, 1996) . Indeed, health care employees' attitudes toward workplace exposures appear to be more often a matter of emotion than of logic.
Paired with an acknowledgement of the complex origins of protective behaviors in the worksite must come an appreciation of the administrative or programmatic interventions appearing to influence attitudes of practitioners working in high risk exposure settings. Certain measures make the adoption of protective behaviors appear more emotionally acceptable and pragmatically feasible. These measures include:
• Regular updating and reevaluation of exposure control system educational offerings (Meisenhelder, 1994; Ryan, 1996) .
• Improving the accessibility and acceptability of protective materials to accommodate situational work demands (McNabb, 1991) .
• Including staff into the process of decision making and development of policies (Wiley, 1990 ).
• Creating simpler protocols for obtaining the complete hepatitis B vaccine series (Agerton, 1995; Mast, 1993; Troya, 1991) . Variables related to the completion ofthe hepatitis B vaccine series. Since the vaccine was first licensed in 1982, a series of epidemiologic research has found the efficacy of the complete hepatitis B vaccine series to range between 80% and 95%, without significant side effects (Mundt, 1992) . Vaccines also have been determined to be 70% to 88% effective when administered within 1 week post-exposure (Mast, 1993) . Although the vaccine must be made available free of charge to any employee at risk for exposure to bloodbome pathogens, the acceptance and completion rate of the entire series of three injections continues to fall below 50% among most MAY 1998, VOL. 46, NO.5 health care worker groups (Agerton, 1995; Harward, 1988; Hersey, 1994; Mast, 1993) .
A perceived lack of risk to the HBV while at work, and/or fear of HBV or HIV transmission from the vaccine, have been cited by many reticent high risk health care workers who have failed to complete or start the vaccination series (Agerton, 1995; Mundt, 1992) . However, another study has shown that younger nurses tend to be more accepting of the vaccination series when compared to their older coworkers (Mundt, 1992) . Ideally, the widespread implementation of the Universal Childhood Vaccination Hepatitis B Protocol (Advisory Committee on Immunization Practices/CDC, 1991) also will facilitate increased adult acceptance of the vaccine.
A COMPREHENSIVE INTERVENTION APPROACH
The following is a more comprehensive program of interventions for occupational and environmental health professionals to consider for achieving an optimal decrease in rates of bloodbome pathogen exposure by health care workers in high risk environments.
The continued use of conventional exposure control measures. Higher worker compliance levels with conventional exposure control interventions have been shown to result in a significant, albeit partial, decrease in the rates of occupational exposure to bloodbome pathogens in multiple settings (Kristensen, 1992; Lynch, 1990; Ramsey, 1996; McGowan, 1996) . Continual updating of exposure control policies by infection control specialists responsive to clinician feedback needs to be paired with an intent by equipment vendors to incorporate caregivers' suggestions into future barrier device modifications.
Customized inservicing and educational offerings. Employment of innovative inservicing and educational techniques to improve protective activities of health care workers has been proposed by several authors (Henry, 1992; Meisenhelder, 1994; Ryan, 1996) . Activities such as conducting focus group meetings to discuss workers' concems, inviting persons infected from occupational or lifestyle exposure to bloodbome pathogens to speak at inservices, coordinating worker self assessment exercises, and disseminating worksite and industry risk statistics have been advocated to decrease employee risks (Gaynes, 1996; Ogden, 1990; Ribner, 1990; Wiley, 1990; Williams, 1995) .
Immediate exposure reporting and treatment mechanisms. Many reports have indicated that existing treatment and reporting protocols at worksites are believed particularly cumbersome (Helton, 1994; Henry, 1992) . Clinicians who are rushed, or tend to prioritize client care responsibilities over other commitments, are much more likely to comply with exposure reporting and treatment protocols when incidents are handled directly on the unit, with health personnel pulling them away from client care duties as briefly as possible. The application of industrial engineering mechanisms developed to maximize rates of workplace incident reporting, without seriously interrupting the flow of work or employee productivity, may warrant consideration.
Improved hepatitis B vaccine series accessibility and titering. Creation of portable hepatitis B vaccine carts to be taken directly to client care units so as to ensure worker completion of the three monthly injections has been suggested (Alter, 1990; Edwards, 1995; Scapa, 1988; Spence, 1990) . Offering vaccine in conjunction with the mandatory annual tuberculin skin testing has been proposed for site testing to enhance acceptance and completion rates (Calandra, 1993; Hersey, 1995; Manian, 1994) . Promotion and provision of easily accessible literature about the newest hepatitis B vaccine guidelines needs to be made available by occupational and environmental health professionals in all settings.
More consistent "source" client identification. Since 1990, the Joint Commission on Accreditation of Healthcare Organizations has required hospitals to proactively use their infection surveillance data to decrease the risk of bloodborne pathogen transmission to clients and employees (Gaynes, 1996) . Specific objectives related to establishment of an endemic baseline agency exposure rate, specific method(s) used for aggregating exposure data, type and number of resources allocated for the collection and interpretation of such data, and a program for the consistent evaluation of these methods are necessary to enable employers to actively reduce workers' exposure risks. Improved mechanisms to ensure timely recognition and communication of source client movements across health care sectors are imperative as the flow of clients to and from various care settings continues to escalate.
Contemporary work systems engineering techniques. The use of newer exposure safety devices such as needleless intravenous delivery systems, "sheathed" needle delivery systems, and better designed sharps boxes have been correlated with decreases in reported percutaneous exposures at several locations (Hersey, 1994; Hibberd, 1995; Jagger, 1988; Williams, 1995) . The strategic placement of personal exposure prevention equipment on client care units also has been found to have a noticeable impact on reported exposure rates (Hersey, 1994; Williams, 1995) . Makulowich (1993) advocated an industrial engineering approach to analyzing data collected within a health care agency for trending the circumstances surrounding occupational exposure incidents. This "pattern analysis" method consistently records particulars related to the type of infectious body fluid, worker's body part, time of day, duration of procedure, piece of equipment, etc. involved during each exposure incident. These data then are used to evaluate the protective worker behaviors and practice patterns, barrier equipment, etc. for possible replacement or intervention, with quantitative reductions in the rate of exposure incidents demonstrated in several operating room settings (Makulowich, 1993) .
Administrative practices. As mentioned previously, specific administrative interventions have been shown to affect the rates of workers' protective behaviors and subsequent bloodborne pathogen exposure. The inclusion of staff at meetings to formulate or update exposure prevention policies and protocols has been shown to warrant further consideration (Wiley, 250 1990). The use of consistent feedback mechanisms for staff during performance evaluations about observed compliance with exposure control system interventions also has been tested successfully (Hersey, 1994; Ribner, 1990) . A consistently positive and proactive message conveyed from administrators and workplace exposure specialists to employees is crucial for implementing changes in exposure control systems.
CONCLUSION
Variables affecting whether health care workers consistently engage in protective behaviors against bloodborne pathogen exposures are extremely complicated, and will not likely ever be completely understood. Still, the relatively simple approach of educating workers so they comply with exposure control systems has continued to be employed by many infection control and employee health specialists, despite the temporary and/or negligible effects demonstrated from high risk health care employees.
Literature, to date, points to the greater potential of comprehensive interventions to effectively reduce occupational exposure rates to bloodborne pathogens. The attainment of this goal through the increased use of system wide and worksite engineering techniques has been advocated by numerous experts, and demands increased consideration from health care planners and researchers in the future. 
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Each year approximately 6,500 to 9,000 health care workers in the United States are exposed to infectious body fluids while on the job. The majority of the resultant clinical infections causing morbidity and mortality are attributable to bloodborne pathogens.
The relatively simple approach of educating workers so they comply with exposure control systems has continued to be employed by many infection control and employee health specialists, despite the temporary and/or negligible effects demonstrated from high risk health care employees.
The reduction of worksite transmission of bloodborne pathogens through the increased use of system wide and worksite engineering techniques has been advocated by experts, demanding increased consideration from health care planners and researchers.
